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CENTRAL AUTOMATIC DATA PROCESSING SYSTEM

I

GENERAL DESCRIPTION

By Bert A. Coss

IWMMARY

This series ot papers describes a system that will automatically
record as many as 300 pressures, 200 voltages, and 24 frequencies in as
little as 30 seconds to an accuracy of 0.15 percent or better of full-
scale range. All information is digitized, encoded, and recorded on
magnetic tape for automatic insertion into a high-speed, general-purpose
digital computer. Provisions for recording computer program modification
instructions are incorporated. The recorder may be connected to any of
eight different test facilities, any four of which may be operating si-

4 multaneously. The system Is in daily operation on a 24-hour basis and
has an operating history of more than 2 years.

The computer accepts the encoded data produced by the recording
system and automatically calibrates it, takes averages, forms ratios, and
does terminal calculations such as mass flow, momentum, distortion num-
bers, drag coefficients, thrust, specific fuel consumption, and efficiency.
This computer has been in operation for approximately 1 year and enables
the computed data to be returned to the test engineer the next day.

INTRODUCTION

The processing of the volume of data produced daily at the NACA Lewis
laboratory presents an almost insurmountable task if handled by normal
manual processing methods. Several years ago, automatizing the processing
of pressures (ref. 1) relieved this situation somewhat. The success of
that instrument led to expansion of the system and centralization of the
equipment. The status of this system is presented in this report.

f’
‘?-



2 NACA TN 4212 .

The philosophy followed was that a central data recording device ~

would be connected by means of telephone-type cable to remote transducing
equipment. The central recording equipment would contain most of the
electronic equipment. It would be manned by experienced operating and
maintenance personnel at all times, even though the operation is essen-
tially automatic. The remote transducing equipment would be inexpensive
and simple with an absolute minimum of electronics and would be completely
automatic and unattended. After recording, the data would be processed
on a stored-program,high-speed, general-purpose digital computer. The
computed data, including all terminal calculations called for by the
project engineer at the facility, would be available to him the next day.

$

RECORDING SYSTEM

Figure 1 is a block diagram of the complete system. Only the gen-
eral features of the system will be discussed here as more specific de-
tails of the individual component parts are discussed in the other
chapters.

The test section, the transducers, and the control room are remotely
located but when taken together are called the remote test facility (fig.
1). There are eight of these remote test facilities which can be con-

.

netted to the Central Automatic Digital Data Encoder (CADDE). However,
only four may be connected at any given time, since only four tape handlers P

are available.

The remote test facility is connected to the CADDE area of the
central data processing room by means of a telephone-type cable as dis-
cussed in chapter II.

As many as 200 voltages from equipment such as thermocouples, strain
gages, potentiometers, and manual switches can be measured and converted
to digital form, one at a time, by an Auto?qaticVoltage Digitizer (AVD)
as outlined in chapter 111.

Up to 24 pieces of any information which canbe representedby a
frequency in cycles per second or other events per unit time (herein called
E.P.U.T.) can be taken through the E.P.U.T. transducer and accumulated in
the temporary storage. This system is discussed more fully in chapter IV.

Up to 300 pressures canbe taken from the model under test through
copper tubing to the Digital Automatic Multiple Pressure Recorder (DAMPR)
system and are transformed into electrical signals which store numbers in
temporary storage as detailed in chapter V.

In order to start a recording cycle it is only necessary for the test .
engineer in the facility control room to push a button. All necessary \

%



● NACA TN 4212 3

connections sre automatically made and checked, all necesssry commands
are automatically given and carried out, and the equipment is returned
to “ready” condition in preparation for the next cycle. Signal lights
in the control room keep the engineer informed of equipment status
throughout the cycle.

Pushing the “call” button, assuming that CADDE is in condition to
record, starts the pressure scan of the DAMPR system and starts the
E.P.U.T. and the AVD systems. The outputs of these systems are fed into
the temporary storage and sequence control block and are either held tem-
porarily to arrange them in proper order or are passed through immediately
as required. Identification,word numbering, and editing and control
instructions sre added automatically, and the data are fed out in a pre-
scribed sequence according to a predetermined program. The output is
then fed into the recording bus and is recorded on one of the tape handlers
A, B, C, andD. In addition, certain preselected words are recorded
simultaneously on tape handler X. The recording rate is 20 words per
second for all data except AWD, which may be at different rates depending
on the individual digitizer used.

The recording cycle is now complete. The message or reading which
is now stored on magnetic tape contains, in a predetermined format, all
the information, including identification, that is necessary for com-
puting values called for by the project engineer at the facility. A more
detailed discussion of the equipment and the procedures used in the re-
cording

To
for the

system is given in chapter II.

PIAY6ACK SYSTEM

ensure that the CADDE system is working properly, it is necessary
CADDE operators to check all readings that are recorded. Both—

automatic and manual means have been provided to do this. T!bisinformation
can also be sent back to the control room, so that slide-rule calculations
can be made during the course of the test for control purposes.

As shown in figure 1, the output bus from tape handlers A, B, C,
and D has three branches. Any tape handler may be connected to any
branch, but no two may be connected at the same time to the same branch.
However, different tape handlers may be connected to different branches
at the same time. Thus, it is possible to have all four tape handlers
running at the same time, with each doing a different operation.

The branch leading to Flexowriter A is the circuit normally used for
routine typing. It must be used if recording on other tape handlers is
to be done during the typing operation. Either “full type” or “select

r type” operations may be performed at the operator’s option. ‘.’Fulltype”
-.. means that every word in the reading is typed out. “Select type’’means.*Y
*
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that only preselected words which have had a particular symbol recorded ?
in the word will be typed out. Since an alternate, completely automatic,
“select type” operation is available, as will be seen later, the normal
use of this branch is for “full typet’operations. The information can
be typed back to the remote facility simultaneously.

The branch leading to the facsimile plotter permits examination of
the raw data in a form similar to a calibrated bar graph. The value of
this equipment lies in the easy comparison of proportional numerical values
much like a manometer board and in the fact that data can be recorded so
rapidly. This equipment plots 15 data words per second as compared with R

m
one word per second for typewritten copy. All readings taken are plotted m

on this device. This plot can be made either at CADDE or at the remote
facility, but not at both simultaneously. The plotter itself is com-
mercially available from the Alden Products Company, but the electronics
to drive it were developed at the NACA and are discussed in chapter VI
in connection with the complete playback system.

The branch leading to the computer permits the feeding of information
from any tape handler into the computer for calibration and terminal calcu-
lation. This operation is discussed more fully later in this chapter.

Tape handler X ~dFlexowriter B comprise a special playback circuit
that can be designated as an automatic monitoring system. It has been
mentioned previously that certain preselected data words could be re-
corded on X at the same time as on the other tape handlers. In practice,
the “select type” data words from all readings are recorded on X. There
is then a chronological log of all readings recorded on X. Tape handler
X differs from the other magnetic-tape handlers in that it uses an endless
loop of tape and has separate recording and playback stattons. Since it
is completely automatic in operation, it requires no operator~s attention
except to keep the Flexowriter supplied with paper. It was designed and
built by the NACA and is described in chapter VI.

In addition to these automatic checks, it is possible for the CADDE
operator to intervene manually on any tape handler. Detailed word-by-
word examination of what is recorded on the tape by means of indicator
lights or typed words allows him to determine the cause of malfunctions
indicated by the automatic devices and to take corrective action, if
necessary.

If it seems that undue emphasis has been placed on playback devices,
it must be ~ointed
need as determined
computer operating
would be found has

out that each was developed to satisfy a demonstrated
from operating experience. The ability to tell the
group in advance where and when a bad piece of data
saved untold hours of computer operating time.

d

?
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COMPUTER SYSTEM

5

.

i

The destination of the information recorded at CADDE is a high-
speed, general-purpose, stored-program digital computer. specifically,
it is a Sperry-Rand type 1103 Scientific Univac. In the computer the
raw data from CADDE have calibration constants applied to convert to true
physical quantities, averages are taken, and ratios are formed as the
data are read in and stored. After storing, terminal calculations are
performedby using the stored data as required. Such items as mass flow,
momentum, distortion numbers, drag coefficients, thrust, specific fuel
consumption, and efficiency can be obtained as directed by a previously
determined stored program.

The programs are read into the computer by means of the Ferranti
paper-tape reader and are stored (fig. 1). As many as ten programs
can be stored in the couputer with the proper program being called for
by the data tape recorded at CADDE. The magnetic-tape handlers A, B, C,
and D, plus a separate tape handler associated only with the computer,
may all feed data into the computer upon demand. The data tape will call
for the proper program to process the data recorded on the tape. The
data tape may also contain computer instructions to a limited extent.
Indication of the first and last words of a reading is always recorded.
In cases where it is known that bad or doubtful data words will be re-
corded, caqputer program modification codes are inserted in the words by
means of a plugboard. This program modification (code-out) instructs
the computer to calibrate the word in the normal manner but not to in-
clude it in any averages or ratios that the stored program may call for
and to tag the computed value suitably so as to call attention to its
doubtful status.

Data can also be fed into the computer by means of paper tapes. Some
smaller facilities produce only paper tapes from AVD’S. Some facilities
produce both paper-tape and magnetic-tape data which must be correlated
for terminal calculations. Both of-these conditions are handled by
feeding the paper-tape data into the paper-tape reader and processing
them by means of the stored program. The second case is particularly
interesting in that the paper tape calls for the magnetic-tape reading
associated with it, and the computer searches until it finds the reading
and proceeds with the processing. Thus, data from two different media
are correlated and treated as if they came from only one.

The output of the computer is a Teletype high-speed paper-tape
punch which produces tape at a rate of 60 characters per second.

The only other output of the computer at present is a supervisory
Flexowriter which can be used for various bookkeeping, housekeeping, and
trouble-shooting tasks.
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The punched paper tapes are used to operate Flexowriters for written v

records or can be used to operate time base or two variable plotters for
plotted records. The records are then delivered to the pro~ect engineers
at the facilities. The Flexowriters sre also used to prepare paper program
tapes for the computer.

The CADDE system briefly described in this chapter has been in service
for over 2 yearO. In that period the total unscheduled down time has ~
amounted to less than 1 percent. The data loss due to malfunctions of
all parts of the system has also been slightly less than 1 percent. The
system is in operation 24 hours a day with preventive maintenance being
carried out on the day shift when the facilities are not running. The
demand load on the system has never approached its theoretical capacity
except for brief 1- or 2-minute periods at widely scattered times.
Maximum data recorded have been approximately 300,000 words in 1 week,
but a 3-nmnth average of approximately 150,000 words per week has been
maintained.

The computer system described previously has been in operation for
data processing for approximately 1 year. Unscheduled down-time figures
are not available but are probably substantially higher than for CADDE.
However, no harm has been done to the system because the computer is not
an integral part of the recording system. Since the data are safely re-
corded on tape, even a major breakdown would only delay the feedback of
the computed results to the facility. The goal of getting information
back to the facility the day following the test has been substantially
achieved.

With further experience and development of new techniques in program
miting and hardware, it may be possible to put the computer “on Itne”
as an integral part of the system and thereby feed back computed results
within a few minutes.
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CHAPTER II

CENTRAL RECORDING SYSTEM

By Robert L. Miller

CABLE AND INTEWWK SYSTEM

The basic logic followed in the operation of the central recorder
is that only one facility will be recording data at my particular time.
Lines in the cable connecting the various facilities to the central re-
corder may, for the most part, be shared as shown in figure 1. These
lines fali-into one of two classifications:

(1) Wta input lines, which carry data information from the
to the central recorder

(2) Control lines, which coordinate the measuring equipment
facility with the central recorder

Ihta input ~ines are used by all facilities and, therefore,
common. Relay contacts in the data input lines at each facility

facility

at the

are
are

closed by the-central recorder only when that facility is recording.
These contacts prevent interference between facilities due to the common
data lines.

Control lines must be individual to each facility in order to iden-
tify and control separately the measuring equipnent at each facility.

A multiple relay interlock system at the central recorder handles
“calls” placed at the facilities for the use of the recorder. A call,
which is a request for recording, is initiated at the facility by de-
pressing a pushbutton for that purpose. Calls are stored in order as
they arrive. As one facility completes a data recording cycle, the fa-
cility whose call was next in line is connected to the recorder. A sec-
ondary function of the interlocks is to check the condition of various
circuits in the recorder for normal operation. Should a circuit fail to
operate when a call is placed to the recorder, the facility would not
receive a “recorder ready” light indication in its control room, at which
time corrective measures might be taken by personnel at the recorder.



10 EACA TN 4212

RECORDING ON MAGNETIC TA2E

Data are recorded at the central recorder on a standard l/4-inch-
wide magnetic tape. Saturation, two-level-return,pulse recording is
used on two tracks. A ~’southpole” magnetic field is recorded continuo-
usly until such time as a pulse is to be recorded. At that the, a
maximum “north pole” magnetic field is recorded for the duration of the
pulse. The magnetic tape is then returned to a mexlmum south pole con-
dition until the next pulse occurs. Since the magnetic tape is forced
into one of two conditions as it is recorded, it is unnecessary to erase
the tape previous to re-recording.

v
—

—

Word Structure

Figure 2 shows a data word on magnetic tape. As previously men-
tioned, two tracks are utilized. A clock track, containing 32 equally

.S

spaced pulses or bits per word, marks 32 positions opposite which pulses
can occur in the information track. The word is divided into three fields.
The word number field and the editing and control code field each contain
8 bits. The data field contains 16 bits. *h field is further sub-
divided into groups of 4 bits per group. .-

The 4 bits within a group are assigned a value 8, 4, 2, and 1, re-
\

spectively. A pulse or bit appearing in the information track, therefore, D
carries one of these values, as shown in figure 2. Byaddlng the
values assigned the bits within a group, the decimal equivalent of this
binary coded decimal digit may be obtained. Conversion of the word shown
to decimal digit form reads word number 38. The nmnber in the data field,
which is proportional to the quantity measured, reads 4875.

Words are spaced on magnetic tape one word length apart, a word
length requiring about 3/8 inch.

Block Structure

A block of information, on magnetic tape, is defined as a series of
words containing data from a common source, such as a voltage digitizer
at a facility. All voltage measurements made at this facility would be.
recorded in one block. The first word of a block is numbered 01, and all
words in the block are numbered consecutively thereafter.

A reading on magnetic tape would contain a series of blocks recorded
from one facility. Figure 3 shows a typical reading containing five
blocks in the sequence in which they are normally recorded. General in-
formation denotes a block of words containing the date, time, reading
number) and any other pertinent information which might be needed to
identify the reading.



* NACA TN 4212 11

4. The voltage block contains measurements from the output of the
thermocouples, strain gages, or other voltage output transducers.

The frequency block contains measurements from the output of ta-
chometer generators, flow meters, or other devices which are used to
measure engine speed, fuel flow, or any.other E.P.U.T.

The pressure block contains measurements made by the pressure
transducing equipment connected by tubing to various pickups about the.-

E model or engine.
2

The last general information
of a reading. The reading number

M SH12?TREGISTER

word in a reading identifies the end
is contained in this word.

AND INTUT SELECTION
-ds Shift Register

g An intermediate storage device called a shift register is used to
assemble each word in preparation for recording on magnetic tape. In

. order to explain the operation of a shift register, a four bit register
is shown in figure 4.

* The shift register transfers information from parallel to serial,
or serial to parallel, form. h figure 4 the register is connected
as a parallel-input, serial-output device. The operation occurs in two
steps. In the first step, through the parallel-input lines, the binary
stages in the register which have an input signal are set up. As an ex-
ample, the binary stages “4” and “2” might be set up.

In step two a series of events takes place. A gate, which is open
when the “8” binary stage is set up, allows a clock pulse to appear at
the serial output. This gated clock pulse is called an information
pulse. Since the “8” binary was not set up when the first clock pulse
occurred, no pulse appears at the output. The clock pulse also passes
through a delay and then causes all bits in the register to shift to the
left one stage. The “4” bit would now set up the “8” binary, which
allows the gate to pass the next clock pulse. The timing diagram on fig-
ure 4 shows a sequence of four clock Pulsesj four shift pulses, and
the serial-output information pulses.

In the central recorder, a thirty-two bit shift register is used to
assemble the information in the word nwber, editing and control, and data
fields in order to make up a word. This information is all fed into the
register through its parallel input. A series of 32 clock pulses then

* causes the register to shift the information serially onto magnetic tape
as shown in figure 5.
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Input Selection

The shift register is the central point at which all words are as-
sembled in preparation for recording. Each of the devices used to meas-
ure the various quantities, therefore, must present its output in a form
acceptable to the shift-registerparallel input. A bank of multiple con-
tact relays connects the shift-register input to the various measuring
devices, as S-hewnin a stiplified diagrsm in figure 6. The input se-
lector is advanced one step in the counter-clockwise direction by the
device to which it is connected after this device has completed the gen-
eration of a block of words.

.

‘9

On step one of the selector, a block of general information words
would be presented sequentially to the shift register. The 16 bit data
field for each word would be supplied by the general information genera-
tor. Editing and.control and.word numbering, each containing 8 bits,
would be presented by their respective generators.

On step two, the data and editing and control fields of the voltage
block, totallng 24 bits, would arrive over the cable and be fed into the
shift register.

On steps three and four, the editing and control field again origi- .

nates in the editing and control generator, with the 16 bit data field
being supplied by the two temporary storage units containing frequency P
and pressure measurements. Word numbering for all blocks is suppliedby
the word number counter and is reset to zero after each block is complete.

General bformation Generator

This device is used to generate a pattern of bits by energizing a
single wire. A simplified circuit is shown in figure 7. With the
commutator on position 1, a current pulse passing through the single wire
of the “1” transformer will cause a voltage pulse at the output of that
transformer. However, if a wire passing through two transfomners is
pulsed, as on position 2, an output appears-at both transformers. Thus,
any combination of bits may be generated by pulsing a single wire passing
through the appropriate transformer cores.

In the transformer tramlator used in the central recorder, 16
transformers are wired in various patterns to generate the 16 bit data
field of general information words. The output of each of the 16 trans-
formers is connected to the shift-registerparallel input through the
input switching. Various arrangements of commutators are used to select
the particular pattern of bits to be generated. —

u

P
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A reading number counter is used to keep a running account of the
number of readings taken by a given facility. Four ten-position stepping
switches are cascaded in such a manner that the advancing of the first
stepper through ten positions advances the next stepper one position.
This is carried out for the four steppers, so that the combination will
count up to 9999 steps of the first stepper without repeating a step on
the fourth. The ten positions of each of the four steppers are wired
through the transformers in the 16 bit translator in a manner similar
to that shown in figure 7.

A24-hour digital clock, made up of stepping switches, is used to
select the appropriate transformer primary windings for the recording of
time on magnetic tape. The date, at the the of recording, is generated
in a similar manner. Two numbers, 7777 and 8888, are recorded in the
general information block tm check the operation of the shift register.
These two numbers contain all bits in the data field of the register.
The barometric pressure, which is read from a barograph, is manually set
in on switches at the CADDE console. These stitches select the appro-
priate pattern of bits for this word in the general information block.

Certain general information words do not change often. An example
of this might be the program number. This number identifies the facil-
ity at which the data originated and the arrangement and size of the
blocks within a reading. This progrsm number seldom changes more often
than once every few weeks. The translator is manually wired for this
word. A single wire is merely threaded through the proper transformer
cores and connected to a plug-in connection.

Figure 8 shows how general information words are generated sequen-
tially. The data field, programmed through the plugboard, is generated
a word at a time by the sixteen bit transformer translator as the general
information commutator advances frcinstep to step. At the same the, the
editing and control field, programed through the plugboard, is being
generated in a similar manner. The word number field is suppliedby the
word number counter, which is advanced on each step of the commutator.

Voltages

Voltages, which are usually the output of thermocouples or strain
gages, are measured at each facility by the Automatic Voltage Digitizer.
The operation of this instrument is described in chapter III. The output
of the AVD is in the 24 bit form required for input to the central re-
corder. The digitized voltages are transmitted one at a time over 24
wires to the central recorder. The coding field of the voltage word is
supplied over eight wires from the digitizer and is selected individually

* for each wordby a plugboard and conmmtator at the digitizer. Word num-
bering at the central recorder is restarted for the voltage block and is
advanced as the digitized voltages arrive at a rate governed by the par-

3 titular digitizer.

—
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In order to maintain the proper word spacing on magnetic tape during Y
the voltage recording cycle, it is necessary to operate the tape handler
on a start-stop basis for digitizers operating at a speed less than 20
words per second. The tape is started, one word is recorded, and the
tape is stopped until the next digitized voltage arrives. Only at the
normal recording rate of 20 words per second cm the tape be allowed to
run continuously.

llrequencies

Frequencies are measuredly electronic counters at the central
recorder. One counter and one twisted pair of lines in the cable are
required for each frequency word. A measurement is made by connecting
the counters to frequency sources for a precisely measured interval.
At the end of this ttie, a count proportional to frequency is stored in
each counter. Counter output is in 16 bit binary coded decimal form and
is presented to the shift register one channel at a time by means of
commutators. Coding is generated and inserted in a manner Identical to
that used with general information. Word numbering is advancedby the
channel conmmtators. Chapter IV covers the operation of this input
device in detail.

Pressures

Pressures are measured at the facilities. A pulse is transmitted

over the cable at a time, proportional to the pressure measured, after
a reference time. Figure 9 shows three channels for transmitting
pulses. Time delay is measured with respect to a ccmmon reference time
for all channels by a common electronic counter. The number appearing
in the counter at the end of delay for a particular channel is recorded
in a 16 bit magnetic-core memory channel. Memory capacity is 300
channels. After all rueasurenentsare made and the memory is loaded, it
is read out, one channel at a time, into the shift register. Coding is
generated and inserted in a manner identical to that used in general
information. Word numbeying is advanced by the channel steppers. A de-
tailed section on this input device is presented in

CONTROL BCMRD FUNCTIONS

A four-facility standby system is in operation
corder. As previously mentioned, only one facility

chapter-V.

at the central re-
can record at a

time. However, as many as three-other facilities &ouldbe running tests
and taking data as the recorder is available. The average time for a
recording sequence is 30 seconds. Thus, the waiting time for recorder
availability is negligible for a steady-state measuring system. Four

.

b

—
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magnetic-tape handlers are used in conjunction with four plug-t e re-
movable control boards. The plugbosrd has three functions: (lrMi-
vidual controls identified with the facility are connected to the re-
corder, and a tape handler is selected for use by that facility only.
(2) Block sequence and number of words per block on magnetic tape me
progremued. (3) kneral information word sequence, along with the edit-
ing and control codes for all blocks except temperatures, is prograzmned.

A typical recording sequence would be carried out as follows: A
control bosrd, plugged according to a predetermined progrem, has been
inserted in the holder under the tape handler with which it will be as-
sociated. When the facility is ready to take a data measurement, a call
is placed to the central recorder by means of a pushbutton at the facil-
ity control room. As soon as the recorder has served all previously
placed calls, the call is accepted. The facility is notifiedby means
of a light indicator that the recorder has been connected to its controls
and measuring station. At this time, depressing the call pushbutton will
start a data record cycle.

Pressure and frequency measuring equipment tiediately begin meas-
uring and storing numbers proportional to their inputs in the magnetic-
core and vacuum-tube memories. This portion of the measurement cycle
lasts approximately 10 seconds. Simultaneous with the start of this
cycle, the general information generator, programed through the plug-

4 board, generates a block of words that are recorded sequentially on mag-
netic tape. Control of the recorder, which is programmed through the
plugboard, is now turned over to the AVD. Word numbering starts over
again as the first digitized voltage is received at the recorder.
Voltage words, which include the code field, are transmitted over the
cable as each volts e is measured.

7

This recording cycle requires ap-
proximately 1/20, 1 5, or 1 second per word, depending upon the particu-
lar digitizer. The tape handler operates on a start-stop basis for dig-
itizers operating at a speed less than 20 words per second to provide
even word spacing on _etic tape. At the end of the voltage block,
control of the recorder is transferred back to the control board at the
central recorder. A read out of the vacuum-tube memory containing fre-
quency words is now commandedby the plugboard. A few seconds delay
might precede this command if the pressure and frequency measuring cycle
is incomplete. The frequency block is then recorded on tape with code
fields being supplied by the plugboard for each word. At the end of
this block, the plugboard cormnandsa read out of the pressure words tem-
porarily stored in the magnetic-core memory. Codes for these words are
again supplied by the plugboard, and word numbering starts over again.

General-information, frequency; and pressure words are all com-
mutated and recorded at a rate of 20 words per second. The tape handler

* runs continuously during these cycles. At the end of the pressure block,
the control board commands the general-information generator to record a
one-word block containing the reading number and an end-of-reati~ code.

v
.
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This completes a recording sequence. All memories and control circuits
are cleared for another recording. The recorder will now accept a csU
from another facility if one has been placed.

Figure 10 shows two of the four tape handlers together with the
two associated control boards. One of the control boards is open, show-
ing the plugged wires connecting the various circuits. k over-all
photograph of CADDE is presented in figure 11.

b

.
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23

3

COnnuutator
-1

J
Current =
pulser :

L

~
.

I !1 n2

“1” Bit

I

“2”Bit

J (_
91 !14

=
z

Bit

In
m 7h

-B,,Bit

Figure 7. - Four bit transformer translator.



w
ocemutat or

r

Advance
word

counter

J

Herd number field

[

-1-—— .-— ——-—. - T

.— -- -

-— _-

9
Barc+netrlc
preaaure
awitnhes

Plugboerd

,

Dlgltal
clock

Reading
number
counter

ti.

Mgital
oalencler

— —
Ei@t bit
traneformar I Sixteen bit transformer trarmlator

translatcm

I I I I I I i I I I I I I I I I I I I I I I I
L )

Editi~T and

\
T

)

Data field
oontrol field

?
)

Through lnwt switching to shift register

Figure 8. - (leneral information aequentia.1 word generation.

*’

J

r-ogram
number

J

e“

9SZV



Channel

one

Chamnel.
two

C!hanuel

three

Tlmirlg
pulses to

electrcmlc

couut er

CG-4 4256

-End of

Meafillrhlg

cycle

111111111111111111111111111 1111111111111111111111

‘t-Zem
reference time

FY.gure9. - Pressure measurement cycle. N
WI



26

.

.

Figure 10. - hfS$?letlC-t8~ hetilSj?S l?f~b CO?lkOl boards

NACA TN 4212

—..

p’+
1+
10’7

.

&

.

9

.

w



n!m’’lmmmmmm qqlr”?mllm I

mgm-a u.. - Cantma data rworaer .



28
.

*

u-l
Cn

.

0



. NACA TN 4212 29

AUTOMATIC VOLTAGE DIGITIZERS

CIW?TER III

By Leonard Jaff’eand Richard L. Smith

In order to facilitate the recording and processing of data from
transducers such as thermocouples, strain gages, and shaft position indi-
cators, three types of instruments have been developed at the Lewis lab-
oratory for converting voltage-t~e data to a digital form.

Type I, which was developed first, and which has been in use at the
Lewis laboratory for over 5 years, is an autmatic relay potentiometer
that has a punched paper-tape output. This instrument is a complete data
recording unit in itseM. Its punched paper-tape output is processed by
the central data computer. Direct-current voltages as low as 20 milli-
volts full scale can be read and recorded to an accuracy of @.15 percent

. of full scale at a rate of 1.5 readings per second. Voltages of either
polarity may be measured, and the input to the instrument is completely
isolated frcm ground. This type I digitizer is used in small facilities

i which do not take a sufficient quantity of data to justify higher speed
systems.

The type II digitizer, in use at this laboratory for 2 years, is
essentially a modification of the type I digitizer and operates at a
higher speed. The digital out~ut of this unit consists of electrical
si~ls which are fed over telephone lines to CADDE where they are re-
corded on magnetic tale. The input voltage specification and accuracy
are identical to those of the type I Ugitizer; however, this system will
read voltages at the rate of five readings per second. This unit is used
in facilities which have a large nwnber of steady-state voltage data
points to take in a limited the. @ additional advantage over the type
I digitizer is that voltage data can be recorded along with other digi-
tized forms of data on the same magnetic tape at CADDE. This simpli-
fies the correlation of data for cauputing purposes.

The type III digitizer is a completely electronic voltage digitizer,
a development made possible by recent improvements in direct-current
amplifier desi~. Two versions of the type III digitizer have been de-
veloped. The type III(a) will read and record voltages at a rate of 40
readings per second and was built specifically for recording slow tran-
sient data. The type III(b) reads and records voltages at half’the rate

. of the type III(a] and is used for recording large nuntbersof steady-
state voltages. The speed of the type HI(b) unit is such that as many

i
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as 200 voltages can be recorded during
system for the scanning of pressures.
voltages as low as +10 millivolts full

NACA TN 4212

the time required by the IMMPR
Both type III digitizers accept
scale

perce=t of full.scaie, and their outputs are
at CADDE.

TYPE I DIGITIZER

The type I voltage digitizer records on

with an accuracy of 4.15
recorded on magnetic tapes

1+
six-hole punched paper N,“

tape. The-~nformatio~ on &e tape can be printed aut&aticaUy & a
u!
01

typewriter as fast as it is punched on the tape. As many as 200 channels
of data can be recorded. Receding each 200-ch.annelreading, three to
six words of preliminaw data are automatically punched into the tape.
One of these words contains a reading nmuber which advances each time
the start button is pressed. The other pre-data words contain informa-
tion set in on manually operated switches and can indicate test facility,
test nuuiber,data, or other pertinent information. Each word on the tape
following the three to six pre-data words represents one digitized
voltage.

Each word an the tape is composed of eight characters as shown in
figure 1. The first two characters are numbers indicating the serial num- -
ber of the word within a reading. This two-digit number is referred to as
the channel number. The third and fourth characters in the word are ti-
used for computer instructions and editing purposes. Characters five,
six, and seven are actual data, a three-digit number indicating the per-
centage of full-scale millivolts (or pre-data information if the word is

—

a pr@-data word). The eighth character is a space or carriage return
signal to the typewriter.

Principle of Operation

This type I digitizer is em autmatic potentiometer which measures
voltages by com~ring them with a variable re-ferencevoltage. The dif-
ference between these two voltages is amplified, and the amplifier out-
put is used to change the reference voltage until it equals the unknown.
voltage.

A simplified diagram of the potentiometer circuit for the range of
O to 10 millivolts is shown in figure 2. In order to bring the in-
strument to balance quickly, 12 high-speed relays are used in the
reference-voltage circuit. The number beside each of the 12 resistors
represents the current in microampere which flows through each resistor
when its series relay contacts are closed. The sum of these currents
flowing through the 10-ohm resistor develops the reference voltage. By
closing various combinations of the 12 relay contacts, any value of
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* total current between O and 999 microsmperes to a resolution
ampere can be obtained. In this way, any value of reference
be produced between O and 9.99 millivolts to a resolution of
miluvolt.

31

of 1 micro-
voltage c=
0.01

In operation the 12 relay contacts are closed one at a time, frcxn
left to right, by a master stepping switch. Immed3atel.yafter the first
one closes, the relay contacts in series with the amplJfier input open,
developing a signal pulse that is positive if the reference voltage is
less than the unknown voltage and negative if the reference voltage is
greater. A positive pulse causes the first thyratron ttie, which has
now been connected to the amplifier output, to fire. This operates a
relay which holds the first reference-voltage relay closed. If the ref-
erence voltage was greater than the unknown voltage, the first thyratron
would not have fired, and the first relay would have opened when the
master stepping switch moved to the second step. The same ssmpllng
process takes place on each of the I_2steps.

Figure 3 indicates how the reference voltage approaches and
finally equals an arbitrarily selected unknown voltage during the 1.2
sampling steps. The unh~ voltage, in this case 6.75 millivolts, is

- indicatedby a dotted 13ne. The shaded areas identify steps on which a
tlqpatron has fired.

● In order to mske one z%ading, the master stepping switch moves
through 12 steps, an operation which takes 2/3 second. After it has
completed this cycle, certain of the U thyratrons will have fired and
corresponding reference-voltage relays till be closed so that the poten-
tiometer is in balance. The correct voltage reading is now indicatedby
the conducting or nonconducting state of the 12 thyt’atrons. Relays in
the plate circuits of the thyratron tubes transfer their information
Urectly to the tape punch. In order that the tape punch can operate
continuously, there are two sets of 12 thyratrons, one of which obtains
its information frcm the potediometer while the other is transferring
its information to the tape punch. Each set of thyratrons receives its
information frau alternate channels.

Refinements are incorporated in the voltage reference circuit which
is shown in figure 4. 1.5-Volt dry cells comprise the voltage source
which is periodically standartizedmanually by using a standard cell and
galvanometersincorporated in the circuit.

Provision is made to keep the current from the direct-current volt-
age source constant regardless of the positions of the rehy contacts.
This is done by using a second bank of 12 precision resistors in parallel

s
with the standardized direct-current voltage. These resistors are iden-
tical in value with the resistors in figure 2. The normally closed
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contacts of the 12 relays, whose normally open contacts are shown in
figure 2, are in series wifi the 12 resistors in this second bank of
resistors, so that the total current flowi& through both &r&s is al-
ways 999 microampere. These 24 resistors and the 12 normally closed
and 12 normally open relay contacts are shown in figure 4.

The 10-ohm resistor across which the reference voltage appears can
be divided in two parts to enable the instrument to read negative volt-
ages. These resistors are represented by R1 and R2 in figure 4.

Detector Circuit

Because negative signal pulses are always followedby a small posi-
tive voltage overshot, a simple amplifier feetig directly to the step-
ping switch, as shown in figure 2, cannot be used. The detector cir-
cuit used in the digitizer overcomes this difficulty. As shown in
figure 4 the output of the first stage of the amplifier is divided
into two parts, one that passes through a single stage of simplification
to multivibrator A, and the other that passes through two stages of am-
plification to give a phase inversion of the voltage pulse to multivi-
brator B. The function of the one-shot multivibrators, A and B, is to
pass uniform triggering pulses to thyratrons A and B. TlhyratronsA and
B are connected in such a way that if A fires B cannot fire, and if B
fires A cannot fire.

The stepping switch is connected only to thyratron A so that the
thyratron register receives no pulse if thyratron B fires. Thus, if the
output of the first stage is a positive ~ulse followed by a small nega-
tive overshoot, multivibrator B receives a positive pulse before multi-
vibrator A and thyratron B will fire, blocking out A, so that none of
the 12 thyratrons In the thyratron register receive a voltage pulse.
In the other situation, that of a negative pulse followed by a positive
voltage overshoot, multivibrator A triggers first, firing thyratron A
and thus causing one of the thyratrons in the thyratron register to
fire.

Immediately after either of the thyratrons fires, plate voltage is
removed from both to prepare them for the next signal pulse. In order
that the detectors will ignore switching transients, plate voltage is
not applied to the thyratrons until hnetiatel.y before the next signal
pulse so that the detector is inactive about 95 percent of the time.

Operation of Complete System

Figure 5(a) shows a simplified block diagram of
tentiometer. The master control is a se~-energized
type stepping switch. It controls a steyping switch

the complete po-
10-bank telephone-
which connects the

—
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input thermocouples consecutively to the comparing circuit. This step-
ping switch also supplies chsmnel identification info-tion through
the coder. The smplifier is shown supplying information to the upper
thyratron and relay register. While this is taking place, the lower
thyratron and relay register is reatig out its previously stored in-
formation to the tape punch. As soon as the tape punch has received all
the information from the lower thyratron and relay register, the infor-
mation is wiped off by removing plate voltage mc$nentarilyfrcm the lower
register to prepare it for receiting more information from the smpli-
fier. The relays in the twatron and relay register recode the infor-
mation from the 1-, 2-, 2-, and 4-code, as it appears on the thyratrons,
to the l-, 2-, 4-, and 8-code to conform with the code used by CADDE.
The programming coder allows the tape punch to receive information from
the chmnel identification coder and relay registers in the proper
sequence.

Physical Arrangement

A photograph of the type I digitizer is shown in figure 5(b).
The panel at the top of the left cabinet contains the preliminary data
unit. Information can be set into the six pre-data words by means of
the 18 dials on the front. Reading number, which advances once each
time the operating button is pushed, appears on the third pre-data word
and is indicated by the 12 lights on the pre-data panel. The three
panels below the pre-tits panel conceal the 200-channel stitching cir-
cuit and coding relays. The plugbcard for controlling the operation of
the coding relays is mounted at the bottom of this cabinet. The top
three panels at the right conceal the potentiometer and associated cir-
cuitry. The panel below these contains the galvanometersand controls
for manual voltage standardization. Power supplies are mounted at the
bottom of the right cabinet. The Flexowriter and paper punch normally
used with the digitizer are shown at the right of the cabinets.

TY3?EII DIGITIZER

The type II digitizer consists of four type I digitizer balancing
circuits connected in such a way that they balance on four voltage read-
ings simultaneously and then record their readings sequentially on mg-
netic tape. Since record time is short canpared with balance time,
this instrument can read and record at a rate approaching four times
that of the type I digitizer, actually about five readings per second.
The maximum number of inputs available is 200.

A block diagram of the type II digitizer is shown in figure 6.
To initiate the operation of the instrument all four potentiometers are
started on their first voltage measurement, and output switch A is closed.
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As soon as potentiometer A has come to balace, the output is recorded
on magnetic tape, output switch A opens and B closes, and potentiometer
A starts to balance on its second voltage measurement. As soon as out-
put switch B is closed, the first potentiometer B measurement is re-
corded, asswning that B has come to balame-i H not, the tape handler
waits until B has come to balance before recoritingthe measurement.
Output switch B then opens, output switch C closes, and potentiometer B
starts to balance on its secmd voltage measurement. This cycle con-
tinues until all four potentiometers have converted and recorded all the
voltages which have been programmed. Since the four potentiometers work
independently of each other, each one may have a different voltage range.

A photograph of the type II digitizer is shown in figure 7.
The four identical balancing circuits are in the cabinet at the left.
The top panel of the right cabinet conceals the input voltage switching
circuitry and relays used for control and coding. Beneath this is the
panel for standardizing the reference voltages of the four balancing
circuits. Below the standardizing panels are the patch board and power
supplies.

TYPE III(a) DIGITIZER
x

The type III(a) medium-speed voltage digitizer was designed to con-
vert voltages to a digital number at a rate that would allow the measure-
ment of slow transient data. A conversion speed of 40 samples per second

f

with an accuracy of N.15 percent of full scale and a full scale of dd.O
millivolts was established as the requirement of this instrument.

Figure 8 shows a block diagram of the type III(a) medium-speed
voltage digitizer. The inputs from 50 voltage sources are presented to
two telephone-type stepping switches. In order to sample these Inputs
at 40 samples per second and still make use of conventional stepping
switches, the two switches are advanced alternately. The outputs of
these switches are connected to identical direct-current amp~fiers A
and B, which have a voltage gain of 100 and bring the voltage levels to
Al volt full scale. The output voltages of the two amplifiers are con-
nected alternately to the digitizer, which converts these voltages to
digital numbers at a rate of 40 words per second and sends them over
telephone ties to CADPE where they are recorded at this rate on mag-
netic tape.

Control . .-

The control circuitry for the instrument is operated by synchroniz-
ing pulses originating from a crystal-ccmtrolled oscillator at CADDE.
These pulses are fed to two gate circuits which are operated in such a

1

v
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. way that alternate pulses control each of two multivibrator circuits
driving stepying switches SW and SSB (fig. 8). The CADDE pulses
are used also to trigger the digitizer.

Operationof the high-speed relay Kl, which connects the analog-
to-digital converter to alternate amplifiers, is initiated through the
control circuit by a digital converter pulse indicating the end of a
conversion period. b this way, stitching occurs as soonas possible

a after completion of a voltage conversion.
mN

Amplifiers

Amplifiers A and B are commercially available chopper stabilized
direct-current simplifiers. Their specifications include an equivalent
tiput drift of less than 5 microvolt and an equivalent input noise less
thm & microvolt below 750 cycles. The input to these amplifiers was
unbalanced, and it was necessary to disconnect the input -d output
common wire from ground in order to read inputs from grounded
thermocouples.

Ai
e
$ Analog-to-Digital Converter

g The basic analog-to-digital converter used in this system is a can-
mercial Delaware Products Digital Vollmeter Model 215 which was modified
at this laboratory. Voltages are measured by obtaining a time interval
proportional to the voltage being measured and then counting the pulses
of a fixed-frequency oscillator during this time interval. The nuniber
of counts obtained is proportional to the voltage bdng measured. The
time interval is obtained by the use of a linear voltage sweep whose
slope is accurately controlled. For example, the time interval could
start when the sweep passes through zero, and the the interval would
end when the sweep is equal to or has some proportion to the voltage
being measured. The block diagram of the analog-to-digital converter
(fig. 9) indicates that the input to the E. comparing amp~fier is the

linear voltage sweep (genemted by the sweep generator} alone, while the
input to the & ccmparing amplifier is the sum of the linear voltage
sweep and the voltage being measured ~. The input to the E. ccxnpar-

ing srnp13fierchanges sign when the sweep passes though zero. The in-
put to the EX comparing amplifier changes sign when & is equal to
or has a fixed proportion to the sweep voltage. A change in polarity of
the output of either the E. or the & comparing amplifier opens the
polarity sensing gate which allows pulses from the oscillator to accumu-
late in the counter. The polarity chsnge in the output of the remaining

8 amplifier closes the polarity sensing gate md thus stops the trail of
pulses, and the counter then contains a number proportional to the time
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between the coincidence of the sweep with zero and the coincidence of
the sweep with the voltage being measured. This number, consequently,
is proportional to the voltage being measured. A circuit (not shown)
that senses which of the two comparing amyldfier outputs reversed signs
first is used to indicate the polarity of the unknown voltage.

The modified version of this analog-to-digital converter has an in-
put voltage range of A1 volt and can measure these voltages to an accu-
racy of~.1 percent. output connections were made to each stage of the
counters to facilitate transmitting the stored number over telephone
lines. The common side of all circuits in the converter, with the ex-
ception of the counter, was disconnected from the chassis to make it
possible to read inputs from grounded thermocouples and strain gages by
using a common power supply. The counter portion of the analog-to-
di.gitalconverter must be connected to CADDE equipment and thus must have
a grounded ccunmonwire. This difficulty was overcome by capacity-
coupling the polarity sensing gate and counter cmmon circuit for trans-
mission of counter advance pulses and by transformer-couplingcounter
reset pulses.

The handling of voltages in the microvolt region plus the floating
of a substantial portion of the instrment above ground created problems.
Gold-plated stepping switches were used to make the switching of these
low level inputs possible. These switches had to be modified by adding
extensive magnetic shielding to reduce induced noise from the operating
coils. In order to minhnize 60-cycle noise, which is aggravated by the
floating ground systa, isolation transformers were used to supply power
to the amplifiers and digitizer. To minimize noise further, 400-
microfarad nonpolarized condensers were used across each input.

A patch board is used to provide flexibility in the input system and
to make possible the insertion of sane cmputing instruction along with
the data on the record. All inputs are brought into the patch board
where they may be individually patched to any stepping-switchposition.
Provision is also made for paralleling any nunber of stepping-switch po-
sitions with any given input. Patch cords with gold-plated connectors
are used to make all connections on the patch board to ensure low-
resistance circuits at low-level voltages. A computer instruction code
can also be selected and inserted along with the recorded data in any or
all of the 50 words by means of the patch board.

A photograph of the type III(a) digitizer is shown in figure
10● At the top of the racks are the two direct-current chopper stabi-
lized amplifiers. Below these are the analog-to-digital converter, con-
trol circuitry, and the control panel, in that order. Below these are
the stepping switches used to conmuxtatethe inputs and the patch board,
and, at the bottom of the rack is the power supply.

*
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TYZ’EIII(b) DIGITIZER

The type III(b) medium-speed voltage digitizer was designed to con-
vert steady-state direct-current voltage to digital numbers at a rate
which would allow the measurement of a maximum nwnber of voltages without
slowing the data recording time of CADDE. A conversion speed of 20
samples per second, or half the speed of the type ~I(a) ~~tizer~ was
found to be adequate for measuring 200 voltages in the time consumed by
the IIAMPRpressure scan. Accuracy is @.15 percent full-scale voltage
for a full-scale rsnge of 420 millivolts.

Figure 11 shows a block diagram of the type III(b) digitizer.
The 200-input switching circuit consists of eight 25-position telephone-
type stepping switches. Amplifier A (Offner Amplifier Model 190) is a
ccxmnerciallyavailable chopper-type direct-current amplifier having a
balanced input. Amplifier B (ICLntelAmplifier Model lUAl?) is a chopper
stabilized-type direct-current amplifier used as a buffer between ampl3.-
fier A and the analog-to-digital converter. The analog-to-digital con-
verter is the same as that used in the type III(a) digitizer. The con-
trol circuit operates the switchhg circuit and analog-to-digital
converter in synchronism with pulses from CADDE.

.
Figure 12 shows a photograph of the type III(b) voltage digitizer.

The upper portion of the left cabinet contains the switching circuitry to
* switch the 200 input voltages and coding and control relays. At the

bottm of the cabinet is a patch board used to insert computer instruc-
tion codes, select proper cold junction circuits, and return the equip-
ment to its standby condition after record5ng the desired nmnber of
readings. The right cabinet contains, frm top to bottom, the direct-
current amplifiers, the analog-to-digital converter, the control circuit,
and the power supply.

*
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CHAZTERIV

FREQUENCY DATA

By John Ryskamp

%’
2 In addition to voltages and pressures, it is also possible for CADDE

to record frequency or E.P.U.T. data. In general, any type of device
whose output is a voltage having a frequency or repetition rate between
15 and 20,000 cycles per second and an amplitude between 15 millivolts
and 50 volts can be used to send data to CADDE for recording.

~

s Two types of frequency data now being handled by CADDE are fuel flow
and engine speed. Channel 3 on figure 1 shows the fuel-flow E.P.U.T.
equipment. The fuel-flow data are sensed at the remote facility by a

g turbine-type flowmeter pickup which utilizes a rotating vane propelled
by the flowing fuel. Each time a vane passes a magnetic pickup mounted
in close proximity, a voltage pulse is generated and) after awlification~.
is sent to CADDE to be counted. Channel 2 shows the engine-speedE.P.U.T.
equipment. Engine-speed data are measured in much the same manner as fuel

m flow ● At the facility a gear driven by the drive shaft of the engine
rotates past a magnetic pickup which again generates pulses. These pulses
are also sent, after amplification, to CADDE to be counted. As can be

seen from figure 1, each E.P.U.T. channel at the field station has its
own amplifier in order to provide a signal of constant amplitude and
source impedance to the cable carrying the pulses ‘coCADDE. This is
necessary since the output voltage amplitude of the frequency devices
varies over a large range. As can also be seen from figure 1, each
E.P.U.T. channel at CADDE has its own counter and gate. me pulses
arriving at the counter of each channel are counted for an accurately
measured period of time of 10 seconds or less as determined by the length
of time the gates are open. The nuuber representing the time that the
gates remain open is stored in the counter of channel 1. In order to
convert the number stored in the counter of each other channel to events
per second, those numbers are divided by the nuuiberappearing in channel
1 which is the time base. The manner in which the time base is generated
will be considered before the over-all operation.

In channel 1, a l-kilocycle crystal-controlled signal is generated
at CADDE and is sent to the gate of channel 1 which is controlled by an
electronic switching circuit. Depending on its state, this electronic
switch, or gate control circuit, allows the gate either to block or pass
the l-kilocycle signal sent to it from the oscillator. When this gate is
open, the four-decade counter of channel 1 receives the pulses arriving
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at the l-kilocycle rate and counts them. When 10,000 pulses have been
.

received, a carry pulse out of the final decade is sent to the gate con-
trol circuit. The gate control circuit then changes its state, which
causes the gate to close. It takes exactly 10 seconds for these 10,000

—

pulses to be counted, and thus a 10-second time interval is obtained.
The number stored in the counter of channel 1, then, is the time base and
reads 0000 at the end of the 10-second interval. The control line from
the gate control circuit also goes to the gqtes associated with the other
channels (fig, 1). This same control line, therefore, will allow each
of these gates to be open for the same time interval the channel 1 gate g
is open, which in this case is 10 seconds. The number appearing in the
counter of each E.P.U.T. channel, divided by-ten, gives events per second.

When the pulse repetition rates from the reumte E.P.U.T. equipment
are less than 1000 per second, the capacity of the storage counters will
not be exceeded during the 10-second time interval. The numbers in the
counters will be 9999 or less. This condition holds true, for example,
for all fuel-flow measurements.

However, for the engine-speed channels, for exa~le, the pulse rep-
etition rates can vary from a mtnimum of 500 pulses per second to a maximum
of 20 kilocycles as determined by the engine speed and the tachometer that ‘~
is used. When the pulse recurrence frequency exceeds 1000 per second, the
capacity of the four-decade counter will be exceeded in less than 10

--

seconds. This situation is remedied by adding a fifth decade to the
●

engine-speed channels in order to increase the counter storage capacity.
This decade can be inserted electrically by using a relay that is con-
trolled by means of the plugboards associated with each tape handler.
Since the data field of the CADDE word has four digits, only the four
highest ordered decades are read out onto tape. This solution is satis-
factory for pulse repetition rates between 1 and 10 kilocycles.

In a few cases, however, when the pulse repetition rate exceeds 10
kilocycles, even the capacity of the five-decade counter will be exceeded
in less than 10 seconds. In this situation the carry pulse emittedby
the fifth decade is used to change the state of the gate control circuit
to the condition that will close all the gates when the count goes from
99,999 to 100,000. This means that the count in this five-decade channel
will read 0000. It also means that the gate controlling channel 1, the
time base, will be shut off before the full 10-second time interval is
complete. The number in channel 1 will be less than 9999 but will, how-
ever, still indicate the time in seconds. As before, the number in each
channel, divided by the number in channel 1, gives events per second for
each channel.

The over-all operation of recording E.P.U.T. data is as follows:
When E.P.U.T. data are to be recorded, they are accumulated at CADDE

simultaneouslywith the measuring of the pressure data. When a call is
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placed, the gate control circuit is set to the condition which closes all
the gates. Immediately after the line switches are closed, the counters
are reset to zero. Simultaneously with the start of a pressure scan, the
gate control circuit is triggered to the condition which opens all the
gates. This allows the counts from the pickups at the facilities and the
l-kilocycle time signal to get to their respective counters and be counted.
The first counter reaching its capacity count will emit a carry pulse that
will set the gate control circuit to the condition which will close all
the gates. If the channel 1 counter emits the carry pulse, its counter
will read 0000 and the time interval will have been 10 seconds. If some
other channel~s counter emits the carry pulse, its counter will read 0000
and the time interval will have been less than 10 seconds, and the number
in the counter of channel 1 will be less than 9999. As before, the num-
ber in each channel will be divided by the number in channel 1 to obtain
events per second.

When the gate control circuit has been closed by a carry pulse, a
signal is sent to the central control section of CADDE to indicate that
all the E.P.U.T. information is in storage and ready for recording. Upon
command from the central control section of CADIIE,stepping switches then
connect, in turn, the counters of each channel to the recording equipment,
and the information is transferred to magnetic tape. This procedure is
discussed in greater detail in chapter 11.

Up to the present time the CAIIDEsystem has provisions for three
engine-speed channels and 21 fuel-flow or other frequency channels.
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CHAFTERv

DIGITAL AUTOMATIC MUIWCPLE PRXSSURE RECCIRDER

By Leonard Jaffe, Arthur J. Gedeon,
and Richard N. Bell

SYE?ZEMDESCRIPTION

The Digital Automatic Multiple Pressure Recorder (DAMPR) now in use
at this laboratory is a considerably improved version of a system pre-
viously described in reference 1. It is a system for measuring and re-
cording in digital form lsrge nunibersof steady-state pressures. As many
as 300 pressures can be measured, and their values will be temporarily
stored in a central memory in 10 seconds. This measurement procedure can
be repeated in any given facility as often as every 45 seconds. The cen-
tral memory disposes of the digital Information onto magnetic tapes pre-
psred by CADDE immediately after the 10-second measuring time and can be
time-shared by my facilities. Pressures frcm 50 to 20,O(M pounds per
squsre foot absolute can be measured to an accuracy of 0.1 percent of full
scale or +3 pounds per square foot, whichever is lsrger.

In this system, pressures are measured by obtaining a time interval
proportional to the pressure and counting the pulses of a ftxed-frequency
oscillator during this time. The nuriberof counts obtained is related to
the pressure being measured.

The time interval is obtained by the use of a nearly linesr pressure
rise generated in the DAMPR scanning tank as shown in figure l(a). Figure
l(b) shows three differential pressure switches (capsules)mounted on the
DAMPR scanning tank with one side of each switch exposed to the tank
pressure. These capsules sxe designed so that an electrical circuit is
broken when the pressure on the scanning tank side of the capsule exceeds
the pressure applied to the opposite side by a very small amount. Each
capsule is electrically connected through telephone lines to a channel
of the central magnetic-core memory unit.

When a pressure measurement is to be made, the control unit stsrts
the linesr pressure rise and at the same time starts the oscillator feeding
pulses to the electronic pulse counter. When the scanning tank pressure
exceeds the pressure applied to the opposite side of one of the capsules,
the electrical circuit associated with that particular capsule is broken.
This break in the circtit tells the memory channel, to which the capsule
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is connected, to store, or in effect take a picture of, the number of .
pulses accumulated in the electronic pulse counter at that particular in-
stant. The scanning tank pressure continues to rise until the highest
pressure being measured has been exceeded and the time of coincidence of

—

each of the measured pressures with the scanning pressure has been stored
in its own channel of the magnetic-core memory.

Figure l(a) shows that for this ex~le there are stored in the memory
a counts low, a counts high, and a counts measured pressure corresponding
to the time of coincidence of the scanning pressure with the low reference G
pressure, the high
respectively. For
duces the value of

p = (Counts

—
reference pressure, and the pressure being measuredy

Uf
m

a linesr pressure rise, the following calculation pro-
the pressure being measured P:

measured pressure - counts low)

[’ eHi reference pressure
1

- (IOw reference pressure) +
(Countshigh - Counts low)

IOw reference pressure (1)

The high and low reference pressures must be set and maintained constant .
to the accuracy of the system.

The illustration just given shows only one unknown pressure being
measured. In DAh5?Rinstallationsmany capsules are connected to a single “
scanning tank to measure a number of unknown pressures during the same
pressure scan. The magnetic-core memory has the capacityto store 300

—

pressure readings during one scan, .-

There are several basic differencesbetween the DAMPR of this report
and that of reference 1. First, the use of a nearly linear pressure scan
by maintaining sonic flow through an orifice eliminated the need for the
costly pressure follower and pulse generator. Second, the concept of a
single, central, magnetic-core ~ry system to serve the D~R Of all
the facilities at this laboratory eliminated the slow, costly, and hsrd-
to-maintain magnetic-drum menmry originally used. Third, a much improved
capsule of greater reklability and considerably smaller internal volume
was developed.

Since the high

1

Nonlinearity of Pressure Scan

pressure strpplyto the DAMPR scanning tank is not.. \
kept absolutely constant (as willbe pointed out in the following section)
and since the heat-transfer processes occurring during the pressure scan
are not completely reversible, the pressme rise is not absolutely linear .
with time. The deviation from a straight line is less than 0.7 percent

.
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of full scale and is reproducible to @.05 percent of
deviation from linearity is taken into account during
this data.

5’7

full scale. This
the reduction of

The constants necesssry to describe the deviation from a straight
line are stored in a digital computer. The pressure is calculated in the
computer as in equation (l). A correction is then calculated by the com-
puter based on the particular pressure and the ccnstants of the correction
curve which are stored in the computer. This calculated correction is

8 then added to the result of equation (1) to produce the absolute pressure
Cu
-# accurately.

Capsule

.

A cross section of the NACA-designed pressure capsule used on the
scanning tanks is shown in figure 2. The pressure sensitive element is a
gold-plated 0.0005-inch beryllim copper diaphragm having an active dism-
eter of 1 inch. Electrical contacts are of gold alloy to ensure a good
connection with low contact pressures. The pressure difference required
to operate the capsule is less than 0.2 pound per squsre foot. The volume
added to the test pressure system by the capsule is about 0.5 cribicinch
including the volume of the capsule fittings.

Each scanning tank has as its source of pressure a supply tauk as
shown in figure 3. In this tank, sufficient inlet pressure is maintained
upstream of the inlet nozzle to the scanning tank to ensure sonic flow
through the nozzle during the pressure scan. This ensures a nesrl.ylinear
pressure rise in the scanting tank. In order to maintain reproducibility
of the pressure scan, this supply tank has its pressure reestablished at
the end of a scan and controlled at all times except during a pressure
scan through the use of a chsrging system. This charging system is made
Up of the pressure source, the supply tank, a charging valve, an elec-
tronic relay, and a differential pressure switch. This system will con-
trol and maintain the supply pressure to within %1 pound per square
inch of the pressure applied to the reference capsule.

The press~e so~ce is kept supplied with air at ~ pressure of
about 270 pounds per square inch, which is sufficiently high to restore
the supply tank pressure between scans.

Reior to initiating a scan, the scanning tank must be pumped down to
a pressure sufficiently low to ensure that transient conditions have passed
and the pressure is rising in a linear manner by the time the lowest pres-
sure to be recorded is reached. An absolute pressure switch connected to
the vacumn line is set to close a permissive circuit to a ready light when
the tank is pumped down to about 50 pounds per square foot absolute when
pressures down to 100 pounds per sgysre foot sbsolute me to be recorded.
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Pump-down time under these conditions is about 45
sures ere to be recorded, a lower setting is used
longer pump-down time.

The scanning tank is a steel tank containing

NAC!ATN 4212 ●

seconds. If lower pres- .
with a corresponding

tapped holes to accommo-
date 160 pressure capsules. Two tanks can be scanned simultaneously, re-
cording up to 300 pressures in a 10-second scanning time. The high and-
Iow reference pressures are each connected to five capsules in the top
row; the remaining six capsules in this row are used for atmospheric pres-
sures. The other 144 capsules on each scanning tank are available to a
facility for recording test pressures. Since all test pressures are com-
putedby interpolatingbetween or extrapolatingbeyond the counts recorded
by the reference-pressure capsules, five capsules are used to record the
counts of each of these reference pressures, and the average count is
used. By diligently monitoring the counts recorded from these channels,
a reference-pressure capsule which begins to deviate from the others can
be detected andbe “coded out” of the program immediately until it canbe
conveniently replaced. This action obviates the possibility of computing
data based on an erroneous reference-pressure reading.

The convergent-divergentnozzles used at the inlet of the scanning
tank produce a nearly line= and reproducible pressure scan. Nonlinearity .
of vsrious installations varies between 0.25 and 0.64 percent, but since
each tank is individually calibrated periodically and nonlinearity is
taken into account as previously discussed, the actual pressure rise is
determined to within a maxinmnnprobable error of 0.1 percent. A typical

.

correction curve is shown in figure 4. These curves can be closely approx-
imatedby segments of two psrabolas, and the eqyations of the psrabolas
are used to compute the pressure correction. This correction is added
algebraically to the pressure as computedby equation {1).

The supply pressure and the area at the throat of the nozzle determine
the rate of pressure rise in the scanning tank and, therefore, the span
of pressures measured in a scanning cycle. Spans for DAMPR have been
standardized at 2,000, 5,000, 12,500, and 20,000 pounds per square foot.
Nozzles for all spans sre interchangeableto meet changing requirements
on the system.

CONTROL SYSTEM

The DAMPR control equipment shown in figure 3 provides proper se-
quencing of the DAMPR pneumatic system and connects the capsules to tele-
phone lines for data transmission to C?ADDE.

Figure 5 shows the DAMPR pnetnnaticcycle. Data exe taken during the
scan portion of the cycle, and the pressure capsules are connected to CADDE .
only during this time. During any standby periods the scanning tank re-
mains connected to the vacuum pump.

.
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The three valves shown in figure 3 control the steps of the pneumatic
cycle. The “vacuum exhaust” valve connects the scanning tank to the vacuun
Pw for exhausting tO a
pressure from the supply
the scanning tank to the

Automatic operation
by the control equipment

vacuum. me “pressure inn v-al& admits air under
tank, and the ‘atmospheric e~aust’t valve opens
atmosphere.

of the valves in the proper sequence is provided
(fig. 3). The control system was designed for

reliable and fail-safe operation. Interlock circuitry prevents operation
co
m unless all the DAMPR components are ready and CADDE is prepared to accept

: the data to be taken. The valves which control the steps of the operating
cycle are arranged so that the scanning tank is opened to the atmosphere
whenever the power is off. A trotile relay in the control eqtipment may
be operated by CADDE to lock the DAMPR system and prevent operation if a
failure or malfunction occurs. The release button on the control panel

s permits the operator to interrupt the cycle at any point, and the system
8
.-Q will axiomatically return to standby condition.

~ CmuIections to CAD~ =e provided by telephone lines which are di-
vided into two groups. One group.is used to transmit control information
between DAMPR and CADDE. This control signal information operates lights
on the control panels to inform the operators of the status of DAMPR and.
CADDE. Approx@ately 12 permanently connected lines are used to transmit
this information. The other grow of telephone lines, used for data trans-

. mission, individually connects each capsule to a ohannel of the magnetic-
core memory at CADDE. The 300 telephone lines in this group are connected
to the capsules only when pressures are to be recorded. Line switches in
the DAMl?Rcontrol equipment can be operated by CADDE to connect the lines
when required. A patch board permits any pressure capsule to be connected
to any one of the 300 data transmission lines and consequently to any
channel of the magnetic-core memory.

The DAMPR equipment maybe operated from either the cabinet containing
the control eqtipment or from the facility control room where remote lights
and switches are instailed. In order to operate the DAMPR system the power
switches are first turned on. The vacuum pump e~usts the scanning tank
to a vacuum, and the supply tank fills with compressed air from the com-
pressor supply tank. When all necessary conditions sre reached and the
interlocks are set, a ready light indicates that the DAMPR system is pre-
pared to measure pressures. The operator may then place a call to CADDE
by pressing a btiton on the control panel. When CADDE is ready to accept
data, a signal sent back to the DAMPR installation connects the capsules
to the telephone lines.

The operator may then press a button to stsrt the scanning portion
of the cycle. Several things then happen simultaneously. The “vacuum
etiust” valve closes, and the “pressure in” valve opens to admit com-
pressed air from the supply tank. This causes the count starting pressure

.

-— —
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switch to operate and send a signal to CADDliwhich starts the count gen-
erator. The DAMPR system then continues automatically through the pneu-
matic cycle.

<

The high limit pressure switch operates at the end of the scanning
portion of the cycle. This closes the “pressure int’valve and opens the
“atmospheric exhaustf’valve. A signal sent to CAIYDEstops the count
generator, and CADDE then disconnects the capsules from the telephone
lines. The scanning tank exhausts to the atmosphere until it reaches a
pressure of approximately 2 pounds above atmospheric. At this point the ~
“atmospheric exhaust” valve closes, and the ‘lvacuumexbaust~~valve opens.
The scanning tank is reevaluated, and the supply tank is refilled. As
soon as all necessary conditions exe reached and the interlocks are set,
a ready light indicates that the DAMPR system is again ready to measure
pressures.

The accuracy of pressures computed from DAMPR data depends upon the
accuracy with which the reference pressures are set and maintained. Means
sre provided to set these required pressures easily and accurately.

A low reference pressure of 141 pounds per squsre foot absolute for
all ranges has been established. It is indicatedby an aneroid-type abso-
lute pressure gage having a range of O to 150 pounds per square foot

=.

absolute.
.

The high-reference-pressurecapsules on.a scanning tank are connected
to one of four available reference pressures.

—
The high reference pressure

maybe 2,141, 5,141, 12,641, or 20,141 pounds per square foot sbsolute as
may be required for any given program and is indicated on gages hating an
accuracy of 1/1000 of full scale. The gages.are c~torn-calibrated,and
the scales are hand drawn to match the calibration. Temperature correc-
tions we negligible within the usual range of room temperature.

Figure 6 is a photograph of a DAMPR installation showing the control
cabinet, reference-pressure gage panel, and scanning tanks.

—

MAINTENANCE

At least three capsule checks are made daily for each scanning tank
currently in use. A capsule check consists of a pressure scan with all
capsules vented to atmospheric pressure. Any capsule whose count varies
from the average count by more than a given tolerance is adjusted or re-
placed immediately. Tolerances vary from~ counts to & counts, depending
upon the range used. Usually only one or two capsules on each tank require
adjustment. Occasionally, and in some cases daily, similsr checks are
made at altitude conditions by operating personnel.

.
All reference gages

.
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.

are fieId checked monthly by comparing them with secondary standard gages
at the pressures at which they are used. Any scale correction is noted
on the front of the gage.

Calibration checks me made at the beginning of each new program and
at about 6-week intervals for extended programs. Accurately measured
pressures sre applied to a group of ten caysules, and the DAMPR tank is
scanned. This is repeated for at least 20 increments of pressure vsried
over the full range of pressures. By assuming a linear pressure rise
values of pressure me computed from the recorded counts and are compsred
with the true applied pressure. The observed pressure differences =e
used to prepare a correction curve. Variation among successive calibra-
tions on the same scanning tank has been minor.

MEMORY SYSTEM

Since the coincidence of the scanning pressure with each of the mess-
ured pressures may occur at random ti~s ~ it fS necess=y to store the
information temporarily in a memory system. This memory must be capable
of accepting information into its various channe1s at random times and
also must be capable of being “read out of’!in some logical order. To
serve this purpose a magnetic-core memory has been used.

The basic element of this memory is a magnetic core of mol~denum
permalby which has a rather rectangular hysteresis loop as shown in fig-
ure 7. This hysteresis loop shows that, if the core is subjetted to a
sufficient umber of ampere turns (+1s or -~ ) in order to saturate it,

after the magnetizing force is removed the core will remain in either one
of two remanent flux densities (+% or -%?)= A value of “l” is assigned

to the +% state, and a value of “O” is assigned to the -% state.

Figure 7 also shows that a magnetizing force of + ~ IS or - * Is will

not effect a change in the state of the core.

Figure 8 is a block di~am of the coincident-current magnetic-core
memory used in the DAMPR system. Sixteen cores in a vertical column con-
stitute one channel of information capable of storing a four-digit nuriber.
Associated with each vertical COIUMU or channel is a gate caP~ le of sen~w .

a~Is current pulse through its 16 cores. Each gate, in lnn?n,is con-

trolled by a capsule at the pressure measuring station. Through each of
the 16 horizontal rows are wires connected to the 16 corresponding binary
stages of a four-decade electronic counter. Should a binary stage of the

.
counter contain a “1”, a +% current pulse is passed through the hori-

zontal row of 300 cores with which it is associated. A binary stage con-
taining a “O” passes no current through its associated wire.

.
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When a scan at a DAMPR station begins, the l-kilocycle oscillator 5.s -
stsxted. The output of the oscillator and pulse shaper feeds pulses to
the electronic counter and to each of the 300 capsule gates. When a cap-
sule
sent
next

only

opens, indicating coincidence of presswes~ an electrical signal is
to its corresponding capsule gate in the core memory, and, when the
oscillator pulse is delivered, the capsule gate will send one, and

one, ~Is current pulse to the 16 cores of its particular channel.

Coincidently, current pulses of ; Is are sent over the horizontal wires $

in a pattern determined by the number existing in the electronic counter ~
at that instant. The cores in this channel which receive coincident
.
$ Is current pulses will change their magnetic state from a “O” to a !!1”.

Cores not receiving coincident pulses will remain in the “O” state. Thus,
the number which existed in the electronic counter has been stored in the
cores of this particular channel.

After all capsules have operated and the memory is full, a read-out
cycle is comnanded automaticallyby the DAMPR station.

Read out is accomplishedby sending a current pulse of -1s or

greater through one vertical column or channel at a time and sensing any
voltage change due to a changing flux by a third wire in each horizontal
row. The read-out rate is 20 channels per second and is controlledby a ‘
stepping switch. When read out is complete, the memory iS automatically
reset and is ready to accept another block of data.

Figure 9 shows a single-bobbti-typemolybdenum permdloy core, and
figure 10 presents a 16-by-10 matrix of cores already mounted and wired.
This matrix comprises ten channels of memory. It takes 30 such boards to
make up the complete 300-channel memory.
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Figure 2. - IMMPR pressure cepmle (appm8. twice regular size).
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CHAPTERVI

PLAYBACK AND CONTROL ROOM EQUIPMENT

73

Once the experimental data have been recorded on magnetic tape, the
problem of inspecting and using the data still ranains. For the CADDE
operators an array of neon lights on the CADDE console permits visual
inspection of the data as it is played back from the magnetic tape. Also
available to the CADDE operators as well as to the test engineers in
their control rooms are Flexowriters and facsimile plotters which type
and plot the recorded data for examination md filing. For conversion

~
of the raw data into final canputed test results, an ERA 1.103high-speed
digital scientific computer is available. Each of these means of play-
back involves the use of its own shift register. There are, therefore,
four shift registers associated with the playback modes of operation.
The function of each of these shift registers is to take each data word
as it comes fran the tape in serial form, hold each word temporarily un-
til the associated equipment decides what to do with it, and then feed

. this word to the output device in a form it caa handle.

The block diagram in figure 1 shows five tape hmdlers, A, B, C, D,
and X, upon which the data can be recorded. As can be seen, all infor-
?mtion to be recorded must pass through shift register A. ~SO shown
are the four output devices, Flexowriters A and B, the facsimile plotter,
and the computer. The interconnecting lines and arrows show the method
of connecting tie taye handlers to the various output devices and the
ctirectionin which the information flows. Corresponding to the four
output buses from the four tape hsdlers on figure 1 are fou vertical
COlumns of pushbuttons on the CADDE control Consdej each column is
associated with one of the four tape handlers. For each of the intersec-
tions on figure 1 of the output buses from the tape handlers with the
playback buses to the playback devices, a corresponding pushbutton on the
console controls that ~rticular connection of a tape hsndler to a play-
back detice. These pushbuttons are called “type”, “plot”, or “compute”,
according to the function they perform and will be referred to as such
later in the report. Each of these playback modes will now be discussed
in turn.

‘r

.
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MODES ASSOCIATED WITH SHIFT RlZ#31STERA

Manual Inspection

.

The recording function of shift register A in conjunction tith tape
handlers A, B, C, and D has already been discussed. Shift register A,
however, can also be used on playback for manual visualization and exam-
ination d the recorded information. If the CADDE o~rator desires to
inspect visually what has been recorded, switches on the CADDE console
will allow him to select any tape handler &nually. Once the tape
handler has been selected, other controls permit the backward indexing
of the tape either one word at a time or one reading at a time. In each
case, the tape handler ccmes to an automatically controlled stop after
the word or reading has passed through the shift register. The last
word to pass into the shift register is displayed on a neon-light array
on the CADDE control console. lkxnualforwmd indexing of the tape
handler one word at a time is also provided which pemits a complete “
and careful examination of each recorded data word.

Autamtic Inspection

When using shift register A it is possible to make a permanent
typewritten copy of the data. As can be seen from figure 1, it is pos-
sible to connect tape handler A, B, C, or D through shift register A to
Fl=owriter A, and also, if destred, to any remote Flexowriter. When
this mode of operation is desired, the proper tape handler is selected
manually, indexed to the beginning of tinedesired reading, and then
caused to type out every word of the reaUng automatically. This mode
of operation is called the “type all!’mode. Figure 2 shows the format
of a typical typewritten copy.

Each group of eight digits in figure 2 is considered a word. The
first two digits of each word comprise the word number. The second two
digits cmoprise the coding field which controls the operation of the
Flexowriter and perfomns other functions. The last four digits of each
word describe the physical quantity being measured.

The first group of seven words is preliminary or general informa-
tion which identifies the record which follows. The first word, 01,
contains the program number which identifies the facility making the
test. The nuniber3010 is a code number for one of the facilities. The
second word, 02, contains the reading number. In this case the four
dashes indicate that the record was a test run and not an actual data
run. Word 03 contains the date, 0809, which was August 9. Word 04 con-
tains the time based on a 24-hour clock, 1414 or 2:14 P.M. Words 05 and
08 contain the numbers 7777 and 8888, respectively, which are test
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numbers used to check the recording equipment. Word 07 contains the
barometric pressure, which at the time of this recording was 29.23 inches
of mercury.

The next two large groups of words each contain 100 pressure meas-
urements. The word number identifies the source of the pressure, and
the last four digits are the raw data representation of each pressure
being measured. The close agreamnt in the data digits of each channel
indicates that the same p“ressurewas on all channels. The single word
at the end of the record is the reading nuaber which is always recorded.
~s word contains the same information as word number 02 at the begin-
ning of the record plus a character indicating that this is the last
word of the record.

The manner in which this typewritten copy is obtained can bd ex-
plained with the aid of figme 3. The initial start ccmmsmd is given
by the operator to the Flexowriter control circuit which frcm then on
controls the entire typing sequence automatically. The control circuit
sends a “start” command to the tape handler which then runs in the for-
ward direction until one complete word has been transferred from the
ma~etic tape to the shift register. The tape handler then receives a
%top’t conmmd from the control circuit which halts the tape hsn~er un-
til the tits word in the shift register has been ccmrpletel.ytyped. When
the word is in the register, the first function that is performed is an
automatic examination of the channel nwnber and the editing and control
fields to see what functions shall be performed. For exsarple,an 01 in
the channel”nmber field will cause a double carriage return. This
double carriage return feature is useful in separating data into groups
of 100 channels and in separating data which have come from different
sources. (Zhis is due to the fact that the cbnnel number is reset to
01 each time the data source is changed, for instance, amou general ti-
formation, voltages, and pressures.)

After the double carriage retwn comiand has been carried out, if
present, the editing and control field is examined and its conmands are
carried out. The various codes which can be present in this field and
the functions they cause to be performed by the Flexowriter are listed
in the “followingtable:

Editing and Function to be performed
control
field codes

01 ~d of record, stop typing

10 Select type, type only words having this code

20 Begin typing every word until next
‘fselecttype” code is reached

40 Single carriage return

I 80 IBeginning of record, start t~ing 1
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All these codes can be used in any combination with each other with the
indicated functions being performed without interference with each other.
If neither a single nor a double carriage return conanandis received
during this examination period, a space conmand is a.utcmaticallygiven
to the Flexowriter to provide for spacing between words. It should be
pointed out and emphasized that these codes are recorded with the data
word on the recording cycle as determined by the wiring of the plugboard
associated with the tape handler. This enables the formt of the type-
written copy to be predetermined for a particular recording and places
the Flexowriter entirely under the control of the recorded information
on the nmgnetic tape.

Once these normal typewriter functions have been attended to, the
typewriter is then free to type the eight characters of the data word.
Since the Flexowriter is capable of printing only one character at a
time, the control circuit looks only at the character which is in the
10’s decade of the channel number field. The combination of the 4 bits
in this decade will be interpreted by the Flexowriter as a number, and
then the appropriate character will be typed. In the illustration shown
in figure3, the “1” and “2” bits of the 10’s decade combine to print
“3” as the first character of the word. When this character has been
typed, the Flexowriter si~ls the control circuit that it is ready to
type another character. The control circuit then shifts each character
in the shift register to the left one decade. The character now in the
10’s decade of the channel number field is the “8” which was in the 1’s
decade of that same field. When the shift is completed, the Flexowriter
then types the character “8”. This procedure is repeated eight times,
once for each decade until all eight digits have been typed. When one
word has been completely typed, the tape handler is started again, and
a new word is read into the shift register.. Thus, the process is re-
peated for each word until an entire reading has been typed.

A second mode of operation is availab~ using the Flexowriter
called the “select type” mode. In this mode of operation only certain
predetermined words are typed. The words which are typed are those that
have a “select type” code recorded with them in the editing and control
field as determined by the plugboard on the.urecordingcycle. This fea-
ture allows a faster type back since only the words of greatest interest
are typed. The typing rate in all cases iS approximately one word per
second.

The remote Flexowriters are selected by means of the plugboard pre-
viously mentioned and are slave units of the C!ADDEtypewriter, typing
whatever information the CADDE typewriter has typed. Also, each of
these playback modes is interlocked against interfering with the record-
ing cycle in any way. If shift register A is being used for a recording,
it is impossible to change modes to use shift register A for any type of

.
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p~~ck fra a~ other tape handler. Conversely, if shift register A
is being used for playback, no recording can be made.

Punched Paper ~pe to Magnetic T%pe

Another mode of operation available to shift re@ster A is a pro-
vision to permit the preparation of magnetic tapes from punched paper
tapes. When this mode of operation is used, a punched paper tape is
first prepared on a Flexowriter. The punched paper tape is then in-
serted in the reader of Flexowriter A, and the coded paper-tape infor-
mation is read into shift register A. The shift register assembles the
information cceningfrcm the reader, and, after it has received a complete
word, it shifts this information out serially, 1 bit at a time, onto the
magnetic tape. After one word has been recorded, the shift register is
ready for the next word; the cycle is repeated for each word. This mode
of operation is used to prepare certain test tapes for the computer.

Tape Handler X

Figure 4 shows that shift register A is also used for recording in-
formation on tape handler X. Tbpe handler X ddffers frcm the other four
tape handlers both in purpose and construction. Its purpose is to moti-
tor what is being recorded on the other four tape handlers and to pro-
vide an automatic playback of the monitored infommtion. The playback
is made through a second shift register called shift register B. This
shift register sends the information to a monitor Flexowriter called
Flexowriter B. It performs this function by using one head for record-
ing on a continuous loop of tape anda second head for playback. As can
be seen from figure 4, the continuous l~op is stored in two bins. Bin
A holds that tape containing recorded information not yet played back,
while bin B contains the tape which has been played back and is now
avilable for recording again. A switch in bin A, which is actuated when
the tape between the recording and playback heads is taut, indicates
when all the recorded information has been played back, since a suffi-
cient amount of tape is always metered out after recording.

When information is recorded on any of the other four &pe handlers,
all the words which have a “select type” (10) code recorded on themas de-
terminedly the plugboard are recorded also on tape handler X. In this
case the 10 cede has the significance of “select and record”. As soon
as the recording has been completed, the tape containing the select-
recorded information on tape handler X is made to pass by the playback
head. This information is then assembled in shift register B and is
sent to Flexowriter B. A remote type back of this information can be
made with the remote Flexowriters in this case slaving on Flexowriter B.

.

—
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In this mode of operation the selection of the proper remote Flexowriter -
must be accomplished automatically since tape handler X can contain the
intermixed readings of four different facilities in any order. This
autcmatic selection is accomplished by examining the first word of the
reading, since it contains the program nuniberidentifying the facility
which made the resting.

These automatic type backs of all the.gelect-recordedwords yro~de
a continuously kept log of recorded information and relieve the CA.DDE
operators of a great deal of work normally associated tith the manual
monitoring of recorded data.

MODES ASSOCIATED WITE SHIFT REGISTER B

Full !Q_peBack Mode

The need arises at times for a full type back of a ccmplete read-
ing to be made directly from any of the four main tape handlers. Al-
though shift register A is capable of doing this, there are many times
when it must remain free for use in the recording cycle. Shift register
B, therefore, is used not only for type backs to Flexowriter B frcm tape .

handler X, but also for type backs to Fl=owriter A from tape handlers
A, B, C, and D. The selection of the proper tape handler is accomplished
by depressing the appropriate “type” pushbutton on the console, after” .

which the operation is ccanpletelyautomatic.

The sequence of events after a tape handler is selected is as fol-
lows: The tape handler runs in reverse until it finds the first word
at which time it automatically stops. The Flexowriter is then turned
on automatically and frcm then on proceeds in identically the same manner
as d3scussed in the section entitled MODE3 ASSOCIATED WITE SHIFT
REGISTER A.

Since shift register B is used for type backs either to Flexowriter
B from tape handler X or to Flexowriter A from tape handlers A, B~ C, or
D, interlocks exist to prevent shift register B frcxnbeing used for both
pu-poses simultaneously. The normal mode G~ operations for shift regis-
ter B is to make select type backs fran tape handler X to Flexowriter B.

Select Type Back Mode

Select type backs can also be =de ti.tismft re@ster B on Flexo-
writer A in identically the same manner as for shift register A. This
is controlledby means of other pushbuttons called “select type” on the
control console associated with each type handler.

?

.
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Consecutive - Back Mode

79

Smetimes it is necessary to @_pe out a nunber of consecutive read-
ings from ane of the four main tape hedlers. It is then desirable to
override the reversing feature ti the automatic sequence of events nor-
mally associated with “type” pushbuttons. This canbe accomplishedby
pushing the “reverse inhibit” buttons on the ccnsole associated with
each of the four tape handlers. When the “reverse inhibit” button is
pushed, the tape handler selected by means of the “type” buttons will
not reverse but instead till first turn on the Flexowriter and then type
information coming frm the tape handler which will now only run in the
forward direction. Now, as long as the “reverse inhibit” is engaged,
the next reading on the tape will be typed each time the “type” button
iS depressed. Either a “full type” or ‘*selectt~e” can be ~de in tie
“reverse inhibit” mode. In each of these modes remote type backs can
be made with the selection of the remote Fkmwriters made automatically
as discussed in the section entitled !I&peHandler X.

FACSIMILE PLO’ITER

Another means of playback for the C!ADDEoperators and tunnel test
engineers provides them a much easier and more rapid method of surveying
their recorded raw data. This is accomplishedby means of a facsimile
plotter. As can be seen fr(xathe main block diagram of the playback
system (fig. 1), each of the four tape handlers can be connected to the
plotter located at CADDE. Also, located in each of the ccmtrol rooms of
the facilities connected to CADDE is a plotter which can also be connected
to any of the four tape handlers. Upon a single commandglvenbyaCADDE
operator, which consists of merely depressing the “plot” control push-
button, a tape hsadler can be selected and caused to have its data
plotted. The plotting cycle, which is entirely automatic, consists of
tie following sequence of events: The chosen tape ~dler is connected
to the facsimile shift register, and the tape handler is automatically
indexed backwards until it finds the first word of the reading, at which
time it stops. The plotter is turned on autcnna.tically,and, when it has
reached its proper running speed, the tape haadler feeds one word at a
time to it for plottihg. The tape handler is started and stopped once
for each data word plotted. Plotting is accomplishedat a rate of 15
words per seccmd. As in other playback modes, the playback cycle is
completed and stopped when a word containing an 01, or “end of record,n
code is reached.

The basic plot which is made has for its abscissa the channel number
and for its ordinate a full-scale reading of 10,000 counts or divisions.
Thus, any four-digit number can be plotted on this graph, whether it be
pressures, voltages, frequency data, or general imformaticm. The type
of presentation made by this plotter is sdmilar to a mancmeter board
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display and is an operational aid to the test engineer. It provides
the means for a rapid visual survey of the data and also gives a quick
check of the instrumentation.

The plotter used in making this type of plot has for its plotting
medium a moist, electrochemical paper which is fed between two elec-
trodes as shown in figure 5. One of these electrodes is stationary.
The other consists of a one-turn helical wire mounted on a drum which
is motor-driven. When the drum rotates, the helical wire electrode
continually scans the width of the paper. Since the paper feed direc-
tion is at right eagles to the scan, each succeeding scan starts at an
incremental distance farther along the top of the paper. If at any
time during a scan a suitable voltage is appl.iedbetween the retorting
electrodes, a We is drawn for the length of time the voltage is main-
tained. The scanning rate of the drm is 30 scans per second. The
paper feed rate is such as to produce 50 lines per inch. The instrument
used by NACA for this application is a modified version of a commercially
available item.

The heart of the operation centers around the ccmdxlnedshift
register-counter. This shift register-counter is identical to the other
shift registers discussed except for one tiportant difference. It haS

had the necessary circuitry added to enable it upon command to also
function as an ordinary binary decimal counter. In its cycle of oper-
ation the shift register-counter first perfomns as a shift register,
during which time one word fram the magnetic tape is read into the

.

register. The shift register-counter is then connected to perform as
a counter, during which time pulses are fed-to the count input. Each
pulse fed to the count input causes the stored nunber to increase by
one. If enough pulses are added, the counter reaches its capacity
count, which is 9999 for the four decades. Addition of one more pulse
causes an overflow or carry pulse to be emitted by the 1000’s decade.
The nmnber of pulses which nmst be added to the originally stored number
to produce a carry pulse is the 10,000’s complement of that number. By
this process a time interval has been created which is proportional to
the 10,000’s complmnt of the number.

Figure 6 shows how the shift register-counterfunctions in con-
junction with the plotter. A synchronizing pulse is derived frcm the
plotter at the beginning of each scan. The first pulse signals the
tape handler to read one number into the shift register-counter. During
the time the word is being read into the register, the plotter ccmpletes
its SC=. No data write signals occur during this period.

At the beginning of the next scan, the synchronizing pulse frm the
plotter starts the oscillator, which feeds pulses to the count input of
the shift register-counter. At the point in the scan where the carry 9

occurs, the carry pulse is used to mark the plotting paper. The action

.
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forms a plot in the following manner: Figure 7 represents the plotting
paper, snd all scans start at the top of the paper. Also, the oscillator
frequency is adjusted so that 10,000 pulses occur in a time interval
equal to that required for a full scan of the paper. As a plotting scan
begins, the oscillator starts to drive the shift register-counter toward
a carry. At the point of carry the plotter is signaled to start drawing
a line of arbitrary length along its scan. Since the full width of the
page represents 10,000 pulses, the distamce frcm the top of the page to
the beginning of the mark represents 10,000 minus the number read frmn
the tape. The remainder of the distance down the page, then, is the
numiberon the tape. The top edge of the mark is the reqtired point plot
of the nuder. High numbers wouldbe plotted nearer the top; smaller
nunibersnearer the bottmn.

The alternate reading of tape and plotting continues at a speed de-
terminedly the scanning rate of the plotter. 5s rate is 30 scans per
second. Since plotting is done on only every other scan, the numbers
frcm the tape are read and plotted at a rate of 15 per second. Figure 8
shows a typical facsimile data plot.

To tie this plot more reatible and usable a number of features have
been added as shown in figure 9. The most important of these additions
are the calibration grids. Now the paper is divided into ten major divi-
sions each of which is divided into ten minor ditisions. Calibration
takes place on alternate scans when a new word is being read from tape.
No data plotting is done during these scans.

To accomplish the calibration, the osciUator which drives the shift
register-counter on the data plotting scan is now used to drive the calib-
ration counter on the nondata plotting scans. (This calibration counter
is also used on the data plotting scans to meter out the required nuuiber
of pulses to produce a carry pulse from the shift register-counter re-
gardless of what the nuniber5.sin the shift register-counter.) During
this calibration scan, at each 1/100 full-scale incremental advance of
the calibration counter, a minor calibration mark is derived frcm an
appropriate tap-off point of the counter which is then used to mark the
paper. A ma~or calibration mark is made for each 1/10 full-scale in-
cremental advance of the calibration counter. On each nondata scan, then,
100 such calibration marks are drawn. The effect of making these mrks
on alternate scans is to give the appearance of a series of horizontal
lines along the width of the plot. Major calibration marks are dif-
ferentiated from minor calibration marks by using two different length
marks.

A second
the insertion

7 related data.

.

feature which has been added to the plot in figure 9 is
of a blank space at the beginning of a group of logically
This is controlledby recording a “space” code on the
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first word of each group of logically related data. The facsimile
electronic equipnent will then sense this code and insert the space.

The diagonal patterns of marks are plots of the channel number.
This number is also read frcxnthe magnetic tape where the channel number
is recorded with each data number. Plotting of channel number is handled
in a fashion similar to the plotting of data. In this case, however,
since the highest channel number is 100, only 100 pulses are required to
count out, to a point of carry, that portion of the shift register-
counter in which the channel number is stored as shown in figure 6.
These pulses are obtained from a tap-off poigt in the metering counter
where the input frequency to this counter has been divided down suffi-
ciently. By tkd.smeans the channel number pulses and the data number
pulses occur at the same time and are in perfect phase relation. There-
fore, the calibration lines drawn for the data can also be used for
reading the channel number by considering full scale in the latter case
to be 100 rather than 10)OOO. The counting of the data and the channel
number is done simultaneously,and the plots appear on the sane scan.

A third feature which has been added is one which permits a change
of resolution of the plot from so-called “normal” to “dual” resolution.
When this resolution is used, the “count input” terminals and “carry
out” terminals of the shift register-counterare changed as well as the
number of pulses which are fed into the “count inputr’terminals. Fig-
ure 10(a) shows the connections used for the normal resolution case, in
which the 10,000 pulses are fed into the 1’s decade and the carry pulse
is taken out of the 1000ts decade of the data field. Figure 10(b) shows
the connections used for the double resolution case in which there are
now two count input terminals, one in the 1’s decade and one in the
100’s decade. In this case only 100 pulses are fed into each count in-
put terminal, and a carry pulse is looked for at the output of the 10Is
and the 1000’s decades. Only lCO pulses are needed in each case since
only two decades are being driven. The carry pulses frcnnthe 10’s and
the 1~0’s decades are caused to plot lines of different lengths, with
the output of the 1000’s decade being longer to indicate its greater
value. Both carrys are plotted on the same scan along with the channel
number. This feature enables the entire four-digit data nuniberto be
read with complete accuracy since it, in effect, breaks the number up
into two completely readable points which, when added together, give the
data number. This feature is used extensively in checking the accuracy
of the capsules on the IMMPR scanning tanks. Figure n(a) shows a plot
of a typical capsule check. The longer marks are all in a line since
they represent the higher ordered digits, whereas the shorter marks vary
in position since they show up the minor variations from capsule to
capsule. Figure U.(b) shows the same reading plotted using normal
resolution.

.
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cmEm!ER OUTPUT

The playback devices which have been discussed are only monitoring
devices used for the examination of the raw data. This examination is
desirable from the standpoint of the operators to check on the correct
opefation of the recording eqyipment, which is quite complex. It is
also desirable fran the standpoint of the test engineer, since it per-
mits a rapid check of the instrumentation of a test setup, which is also
quite complex. It also is capable of showing trends during a test,
which Qves the project engineers an idea of how the test is progressing.

The main purpose of GADDE, however, is to record the data on mag-
netic tape in a form that can be read directly into the large-scale
scientific digital ccmputer. Figure 1 shows that any of the four main
tape handlers can be connected to the cmnputer. This is accomplished
by the CADDE operator depressing the appropriate “compute” button on
the CXDDE control console. When this button is depressed it connects

~ the necessary control and signal lfnes to the computer, which then has
d canplete control over the tqe handler. The computer can start, stop,

;
and reserve the tape handler according to a predetemnined program stored
in the memory of the computer. This ccmputer will perform the computa-

$. tions on the raw data as called for by the progrsm, ad, when the com-
putations have been ccmpleted, the computer will return control of the
tape handler to CADDE.

As has been pointed out, each of these means of playback is inde-
pendent of the other, since each has its own control circuits and shift
register. Appropriate interlocks tist which till allow all.four tape
handlers to be busy at the same time performing scnneplayback function
or recordLng without interference with each other. Interlocks also
exist, of course, to prevent any playback device from being connected
to a given tape handler while the tape handler is either recording or
engaged with another playback device.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics

Cleveland, Ohio, November 22, 1957
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(b) Using nonusl resolution.

Figure I-1.- Concluded. Typicsl facsimile plot of a capsule check.
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